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Background {#Sec2}
==========

Intestinal parasitic infections are widely distributed throughout the world, endangering public health. Infections with medically important parasites (intestinal helminths and protozoa) are closely linked with conditions of poverty, unsafe water, crowded living conditions, lack of sanitation and hygiene \[[@CR1], [@CR2]\].

Food borne diseases continue to be a common and serious threat to public health all over the world and these diseases are a major cause of morbidity \[[@CR3]\]. Outbreaks of human infections due to the consumption of raw fruits and vegetables have occurred with increased frequency during the past decade \[[@CR3]\]. Studies have shown that *Ascaris lumbricoides*, *Cryptosporidium* spp., *Entamoeba histolytica, Enterobius vermicularis, Fasciola* spp., *Giardia intestinalis*, hookworm, *Hymenolepis* spp., *Taenia* spp.*, Trichuris trichiura*, and *Toxocara* spp., can infect humans who consume contaminated, uncooked, or improperly washed vegetables and fruits \[[@CR4]\].

Many studies had been conducted to evaluate the role of raw vegetables in the transmission of intestinal parasites, for example, in Alexandria, Egypt; Tripoli, Libya; Riyadh, Saudi Arabia; Iraq; Tehran and Qazvin Province, Iran; and the Philippines \[[@CR5]--[@CR13]\]. All have stressed the importance of fruits and vegetables, particularly which are consumed raw and unwashed, in the transmission of medically important parasites.

Fruits and vegetables---by being a source of essential nutrients, vitamins, minerals, proteins, and fibers---play a major role in protecting the human body from a number of diseases. Consuming raw and improperly washed vegetables is a major way in which human pathogens are transmitted \[[@CR10], [@CR11]\]. Because of poor hygienic practices related to planting, harvesting, packing, transportation, and storage, fruits and vegetables can become easily contaminated with parasites \[[@CR11]\].

In developing countries such as Ethiopia, poor sanitation, and substandard and crowded living conditions lead to an increased risk of acquiring parasitic infections. To the best of our knowledge, there is no published document about the level of parasitological contamination of fruits and vegetables in Arba Minch town, Southern Ethiopia. Therefore, this study was designed to determine the level of parasitic contamination of selected fruits and vegetables and associated factors in this location.

Methods {#Sec3}
=======

Study area {#Sec4}
----------

A cross-sectional study was conducted between 1 and 20 September, 2014 to determine the level of parasitic contamination of fruits and vegetables sold in selected local markets in Arba Minch town, Southern Ethiopia. Arba Minch is located 505 km south of the capital Addis Ababa at an altitude of 1 200--1 300 meters above sea level with an average annual temperature of 29.7 °C. The town experience two distinct wet seasons which occur from March to May followed by a lesser rainfall season in October to December. The average annual rainfall is 700 mm.

Data collection {#Sec5}
---------------

A pre-tested semi-structured questionnaire was used for collecting data on factors associated with parasitic contamination of fruits and vegetables such as: status of the produces \[washed before display or not, freshly collected or stayed more than one day, source of water used for washing, educational status of the vendors\]. Data on means of display and type of the market were recorded by simple observation. In each market, samples were collected under normal purchase conditions from randomly selected sellers. A total of 40 vendors participated in this study.

Sample collection and analysis {#Sec6}
------------------------------

Eight types of fruits and vegetables (*Persea americana (*Avocado*)*, *Lactuca serriola (*Lettuce*)*, *Brassica oleracea (*Cabbage*)*, *Daucus carota (*Carrot*)*, *Lycopersicon esculentum (*Tomato*)*, *Capsicum annuum(*Green pepper*)*, *Musa paradisiaca (*Banana*)*, and *Mangifera indica (*Mango*)*) were purchased from four conveniently located local markets, namely, Sikela (1 235 meters above sea level), Secha (1 300 meters above sea level), Yetnebersh (12 90 meters above sea level), and Konso-Sefer (1 275 meters above sea level) in Arba Minch town. An equal number of samples (45 each, total 360 samples) were collected from the markets.

Each sample was placed in a separate plastic bag and labeled with a unique number and its date of collection, and brought to the Arba Minch Hospital Leishmaniasis Research Centre Laboratory for parasitological analysis. Approximately 200 grams of each vegetable or fruit was soaked (for 15 minutes) in one liter of physiological saline, followed by vigorous shaking with the aid of a mechanical shaker \[Vortex Genie 2\] for 15 minutes. After overnight sedimentation in the washing solution, 15 milliliters of the sediment was transferred to a centrifuge tube using a sieve to remove undesirable matter. For concentrating the parasitic stages (ova, larvae, cysts, and oocysts), the tube was centrifuged at 3000 revolutions per minute for five minutes \[[@CR13]\]. After centrifugation, the supernatant was decanted carefully without shaking. Then, the sediment was agitated gently by hand to redistribute the parasitic stages. Finally, the sediment was examined under a light microscope \[Olympus CHT\] using × 10 and × 40 objectives. Modified Ziehl-Neelsen stained smears were prepared to detect coccidian protozoan oocysts including *Cryptosporidium* spp., *Isospora belli*,and *Cyclospora cayetanensis* \[[@CR14]--[@CR16]\].

Data analysis {#Sec7}
-------------

Statistical analysis was performed with SPSS software version 16 (IBM, Chicago, IL, USA). Probability values were considered to be statistically significant when the calculated *P*-value was equal to or less than 0.05. The difference in parasitic contamination among the different categories was compared using the Pearson's chi-square test (χ^2^) and Fisher's exact test, where appropriate. Univariate and multivariate logistic regression analyses were performed to identify factors associated with parasitic contamination of the fruits and vegetables.

Results {#Sec8}
=======

In this study, 196 samples were identified as being contaminated with at least one type of parasite; the overall contamination rate was 54.4%. Table [1](#Tab1){ref-type="table"} summarizes what percentage of each sample group was infected: 48.9% of the *Capsicum annuum* was infected, 66.7% of *Brassica oleracea*, 37.8% of *Persea americana,* 60.0% of *Lactuca serriola*, 62.2% of *Daucus carota*, 71.1% of *Lycopersicon esculentum*, 48.9% of *Musa paradisiacal*, and 40.0% of *Mangifera indica*.Table 1Frequency distribution of parasitological contamination of fruits and vegetables inselected markets inArba Minch town 1 to 22 September 2014Type of produceNumber examinedNumber positive \[%\]Number of parasite species detectedOne \[%\]Two \[%\]Three \[%\]Four \[%\]*Capsicum annuum*4522 \[48.9\]16 \[35.6\]4 \[8.9\]2 \[4.4\]0*Mangiferaindica*4518 \[40.0\]14 \[31.1\]3 \[6.7\]1 \[2.2\]0*Perseaamericana*4517 \[37.8\]14 \[31.1\]1 \[2.2\]1 \[2.2\]1 \[2.2\]*Lycopersiconesculentum*4532 \[71.1\]27 \[60.0\]3 \[6.7\]1 \[2.2\]1 \[2.2\]*Daucuscarota*4528 \[62.2\]23 \[51.1\]3 \[6.7\]2 \[4.4\]0*Lactucaserriola*4527 \[60.0\]25 \[55.6\]2 \[4.4\]00*Brassica oleracea*4530 \[66.7\]26 \[57.8\]3 \[6.7\]1 \[2.2\]0*Musa paradisiaca*4522 \[48.9\]19 \[42.2\]2 \[4.4\]1 \[2.2\]0Total360196 \[54.4\]164 \[45.6\]21 \[46.7\]9 \[20.0\]2 \[4.4\]

The parasites detected included ova of *A. lumbricoides*, *Toxocara* spp., *Hymenolepis nana*, and *H. diminuta*; oocysts of *Cyclospora, I. belli*, and *Cryptosporidium* spp.; and cysts of *G. intestinalis* and *E. histolytica/dispar*. Table [2](#Tab2){ref-type="table"} shows that *A. lumbricoides* (20.83%) was the most frequently detected parasite, followed by *Toxocara* (15.83%), *Hymenolepis nana* (15.56%), *E. histolytica/dispar* (14.44%), *G. intestinalis* (10.0%), *H. diminuta* (7.78%), *Cyclospora* (6.94%), *Cryptosporidium* (4.72%), and *I. belli* (3.06%).Table 2Prevalence of intestinal parasites in fruits and vegetables sold at four local markets in Arba Minch town from 1 to 22 September 2014Detected parasiteFrequencyPrevalence*Ascaris lumbricoides*7520.83%*Toxocara* spp.5715.83%*Hymenolepis nana*5615.56%*Entamoeba histolytica/dispar*5214.44%*Giardia intestinalis*3610.00%*H. diminuta*287.78%*Cyclospora* spp.256.94%*Cryptosporidium*174.72%*Isospora belli*113.06%

Contamination with more than one parasite species was observed in the fruit and vegetable samples examined in this study. Almost half (46.7%) of the total samples were contaminated with two species of parasites, while 20% of the samples were contaminated with three species of parasites and quadruple parasitic contamination was observed in 4.4% of the samples. The parasitic contamination rate of the different fruits and vegetables was significantly different (*P* = 0.03) (see Table [3](#Tab3){ref-type="table"}).Table 3Factors associated with parasitic contamination of fruits and vegetables sold in selected markets of Arba Minch town from 1 to 22 September 2014 determined using the chi-square testVariableResult of parasitological analysisPositive \[%\]Totalχ^2^ value*P*-value*Educational status of vendors* No formal education115 \[63.9\]180 Primary education70 \[46.7\]15014.070.001 Secondary education11 \[36.7\]30Total196 \[54.4\]360*Market* Secha50 \[55.6\]90 Sikela48 \[53.3\]90 Konso-sefer60 \[66.7\]904.980.064 Yetnebersh38 \[42.2\]90Total196 \[54.4\]360*Type of produce*  *Lactucaserriola*27 \[60\]45  *Mangiferaindica*18 \[40\]45  *Perseaamericana*17 \[37.8\]45  *Lycopersiconesculentum*32 \[71.2\]458.790.03  *Daucuscarota*28 \[62.3\]45  *Capsicum annuum*22 \[48.9\]45  *Musa paradisiaca*22 \[48.9\]45  *Brassica oleracea*30 \[66.7\]45Total196 \[54.4\]360*Means of display* On the floor111 \[55.5\]200 On tops of tables29 \[39.7\]735.660.722 On wheelbarrow36 \[41.4\]87Total196 \[54.4\]360*Washed before display* Yes40 \[38.5\]104 No156 \[60.9\]2566.780.001Total196 \[54.4\]360*Source of water for washing* Pipe21 \[35.0\]60 River14 \[48.3\]291.7710.441 Well2 \[28.6\]7Total37 \[38.5\]96*Market type* Grocery36 \[60\]60 Open market160 \[53.3\]3000.390.88Total196 \[54.4\]360

Further analysis with binary logistic regression revealed that, compared to *Persea americana*, *Lycopersicon esculentum* was significantly contaminated (adjusted odds radio, A*OR* = 3.4, 95% confidence interval, *CI* \[1.6, 9.9\]) (see Table [4](#Tab4){ref-type="table"}).Table 4Binary logistic regression of factors associated with parasitic contamination of fruits and vegetables sold in selected markets of Arba Minch town from 1 to 22 September 2014VariablesPos. (%)Laboratory result for parasitic contamination\
C*OR* (95% *CI*) A*OR* (95% *CI*)*Sample type*  *Mangiferaindica*18 \[40\]1.0 (0.3, 2.4)1.0 (0.2, 2.6)  *Brassica oleracea*30 \[66.7\]2.4 (1.2, 5.8)\*2.2 (1.0, 5.6)  *Daucuscarota*28 \[62.3\]1.7 (0.7, 4.4)1.7 (0.7, 4.6)  *Capsicum annuum*22 \[48.9\]1.3 (0.6, 2.6)1.3 (0.5, 2.8)  *Lactucaserriola*27 \[60\]1.8 (0.8, 4.3)1.8 (0.7, 4.4)  *Lycopersiconesculentum*32 \[71.2\]2.5 (1.1, 5.9)\*3.4 (1.6, 9.9)  *Musa paradisiaca*22 \[48.9\]1.2 (0.5, 2.7)1.2 (0.4, 2.9)  *Perseaamericana*\*\*17 \[37.8\]*Washed before display* No156 \[38.5\]3.1 (1.8, 4.4)\*3.6 (1.9, 4.6) Yes\*\*40 \[60.9\]*Market* Secha50 \[55.6\]0.5 (0.3, 1.0)0.5 (0.3, 0.9) Sikela48 \[53.3\]0.6 (0.4, 1.0)0.5 (0.3, 1.1) Konso-Sefer60 \[66.7\]1.1 (0.6, 2.0)1.1 (0.5, 2.1) Yetnebersh\*\*38 \[42.2\]*Means of display* On the floor111 \[55.5\]1.2 (0.5, 5.1)1.7 (0.4, 5.1) On wheelbarrow36 \[41.4\]1.5 (0.3, 4.9)1.6(0.4, 5.5) On table\*\*29 \[39.7\]*Market type* Grocery36 \[60\]1.2 (0.6, 1.9)1.2 (0.6, 2.1) Open market160 \[53.3\]\*\**Vendor's educational status* No formal education115 \[63.9\]1.2 (0.6, 2.6)1.3 (0.6, 2.8) Primary education70 \[46.7\]0.9 (0.4, 1.8)0.9 (0.6, 1.9) Secondary education\*\*11 \[36.7\]\*Significant at *P*-value of 0.05; \*\*reference category

The results also showed that samples collected from Konso-Sefer (66.7%) had the highest contamination rate, followed by samples collected from Secha (55.6%), Sikela (53.3%), and Yetnebersh (42.2%). However, the contamination rate of samples collected from the different markets was statistically insignificant (*P* = 0.064) (see Table [3](#Tab3){ref-type="table"}). Samples were collected from both open markets and groceries. Samples from groceries comprised 18.4% of the positive samples, while 81.6% of the contaminated products were from open markets; the difference was not statistically significant (*P* = 0.88) (see Table [3](#Tab3){ref-type="table"}).

This study also assessed which factors were associated with contamination of fruits and vegetables by conducting interviews with the vendors in the markets. Vendors were asked about their educational status and it was revealed that the majority (50%) of the vendors had no formal education, while 42% had primary education and only 8% had secondary education. There was significant association between the education level of vendors and the parasitic contamination rate of the produce they were selling (*P* = 0.001) (see Table [3](#Tab3){ref-type="table"}).

Among the factors associated with parasitic contamination of fruits and vegetables is the act of washing products before displaying it for sale. This study showed that the majority (79.6%) of the products were not washed before display, with only 20.4% being washed. The cross tabulation of washing the products before display for sale and the results of the parasitological analysis showed a significant difference in the contamination rate between washed and unwashed products (*P* = 0.001) (see Table [3](#Tab3){ref-type="table"}). Compared to washed products, the odds of unwashed products becoming contaminated with at least one parasite was 3.6 times higher (A*OR* = 3.6, 95% *CI* \[1.9, 4.6\]) (see Table [4](#Tab4){ref-type="table"}).

The means of display was also assessed for association with parasitic contamination of fruits and vegetables; a statistically insignificant association was observed (*P* = 0.072).

The sources of water used for washing products were also examined: pipe water (62.5%), well water (30.2%), and river water (7.3%). The analysis revealed that 35%, 48.3%, and 28.6% of the produce washed by pipe water, well water, and river water was contaminated with at least one parasite species, respectively. There was no significant difference observed in the contamination rate between the products washed by water from different sources (*P* = 0.441) (see Table [3](#Tab3){ref-type="table"}).

Discussion {#Sec9}
==========

Like many tropical countries, intestinal parasites are widely distributed in Ethiopia because of the favorable climate and unsanitary conditions that facilitate fecal pollution of water, foodstuffs, and soil \[[@CR2], [@CR11]\]. The market chain lends itself to fruits and vegetables passing through several hands and as a result they might become contaminated with enteric bacteria, viruses, and parasitic pathogens \[[@CR16]\].

The present study attempted to assess the level of contamination and prevalence of different intestinal parasites in various fruits and vegetables sold in local markets of Arba Minch, Southern Ethiopia. The overall parasitic contamination rate was found to be 54.4%, which is in agreement with other findings from southwest Ethiopia and elsewhere \[[@CR11]--[@CR15]\]. It is also, however, higher than that reported in similar studies from, Egypt, Ethiopia and Gaza governorates \[[@CR5], [@CR17]--[@CR20]\]. The incongruity between this study and others might be attributed to the variations in geographical locations, climatic and environmental conditions, differences in the sample size, the techniques used, poor post-harvest handling method and socioeconomic status.

*Lycopersicon esculentum* (71.2%) was found to be the most frequently contaminated product, followed by *Brassica oleracea* (66.7%), *Daucus carota* (62.3%), *Lactuca serriola* (60.0%), *Capsicum annuum* and *Musa paradisiaca* (48.9% each).*Mangifera indica* (40.0%) and *Persea americana* (37.8%) were found to be the least contaminated. The variation in contamination between the products might be explained by the fact that vegetables such as cabbage, carrot, and lettuce have larger and uneven surfaces, which make the parasites attach more easily to the surface. The smooth surface of *Capsicum annuum*, *Persea americana*, and *Mangifera indica* might reduce the rate of parasitic attachment hence explaining the lower contamination rate observed in this study \[[@CR5], [@CR21]\].

In this study, *A. lumbricoides* was the most frequently detected parasite with a prevalence of 20.83%. The predominance of *A. lumbricoides* agrees with studies conducted in Philippines and Kenya \[[@CR11], [@CR21]\]. This dominance might be associated with this parasite's ubiquitous distribution, the high number of eggs produced by the fecund female parasite which contributes to the parasite ubiquitous distribution, and the strong and resistant nature of the eggs that enables them to survive unfavorable conditions. The eggs can survive in the absence of oxygen, live for two years at 5--10 °C, and be unaffected by desiccation for two to three weeks \[[@CR22]\].

The second most prevalent contaminant was *Toxocara* species with the prevalence of 15.83%. This dominance might be attributed to the fertility of *Toxocara* female adults producing up to 10 000 eggs daily and the nature of the eggs, which may survive for up to ten years resisting harsh environmental conditions \[[@CR23], [@CR24]\].

*H. nana* was the third most frequently detected parasite in this study, with a prevalence of 15.56%. This finding is higher than the finding of 8.3% reported in Jimma, Ethiopia and also a study done in Banha, Egypt, which reported a prevalence of 2.8%. The difference observed might be due to difference in climatic conditions and geographical location \[[@CR15], [@CR25]\].

In this study, no ova of hookworm are detected. This is in agreement with other studies conducted in Jimma, Ethiopia and Banha, Egypt \[[@CR15], [@CR25]\]. It is known that hookworm has a very short life span in the soil and this characteristic might have contributed to its absence in the present study \[[@CR26], [@CR27]\]. On the contrary, a study done in Jos, Nigeria has reported the contamination of vegetables with *hook worm* species \[[@CR28]\]. The differences might be attributed to differences in geographical locations, climatic conditions, and types of soil \[[@CR28], [@CR29]\].

Various studies support the findings of this study in regards to contamination of fruits and vegetables with *G. intestinalis*. These include a study done in Tripoli, Libya, and Ardabil, Iran, reporting a prevalence of 10% and 7%, respectively \[[@CR7], [@CR30]\]. Our findings on *G. intestinalis* are also in agreement with a recent study done in Ahar, Iran, which reported a prevalence of 10% \[[@CR31]\].

In general, comparing with other similar studies done in the region, a higher rate of parasitic contamination of fruits and vegetables was observed in this study and this could be attributed to many factors such as geographical location, type and number of samples examined, methods used for detection of the intestinal parasites, type of water used for irrigation, and post-harvesting handling methods, which are different from one country to another. In addition to the above factors, individual hygienic habits, sanitary facilitations, and climatic conditions all play a significant role \[[@CR3]\].

Contamination with multiple species was observed in all kinds of fruits and vegetables in this study. This might indicate the possibility of a high-level contamination of fruits and vegetables, which perhaps results in multiple parasitic infections in humans. It might also indicate the persistence of intestinal parasitic infections in the area \[[@CR13]\].

Even though it was statistically insignificant, the contamination rate was different for the samples collected from different markets. Samples collected from Konso-Sefer showed a higher rate of contamination. This might be associated with the way the products are displayed and the act of washing produce before display. The majority (55.5%) of the samples was displayed on the floor, which exposes them to flies, and 60.9% of the samples were not washed before display. It has been reported that flies can act as a vector for parasites such as *Cryptosporidium parvum* \[[@CR32]\].

The odds of unwashed produce before display becoming contaminated with at least one parasite was 3.6 times higher (A*OR* = 3.6, 95% *CI*\[1.9, 4.6\]) when compared with those washed before display. This might be due to the risk of contamination of the produce during transportation and other post-harvest related activities \[[@CR15], [@CR32]\].

Conclusion {#Sec10}
==========

The high prevalence of intestinal parasites in the fruits and vegetables consumed in Arba Minch indicates that produce is one of the sources leading to parasitic infections among the public. The authors believe that prevention of contamination remains the most effective way of reducing fruit- and vegetable-borne parasitic infections, and this can be achieved by proper washing of vegetables, improved hygienic practices of vegetable handlers, and improvements in sanitation standards. Comprehensive health education should also be given to vendors and farmers. Vendors should ensure that produce does not make contact with the soil when displaying for selling. In addition, other research must be done to evaluate the level of parasitic contamination of farm products, water, and soil in which fruits and vegetables are cultivated.
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